Objective(s): Schwann cells (SCs) have a wide range of applications as seed cells in the treatment of nerve injury during transplantation. However, there has been no report yet on kinds of proteomics changes that occur in Schwann cells before and after peripheral nerve injury. Materials and Methods: Activated Schwann cells (ASCs) and normal Schwann cells (NSCs) were obtained from adult Wistar rat sciatic nerves. After immunofluorescence identification, we identified differentially expressed proteins in the ASCs and NSCs using isobaric tags for relative and absolute quantitation (iTRAQ) combined with high-resolution Orbitrap liquid chromatography-mass spectrometry/mass spectrometry (LC-MS/MS). In addition, all the differentially expressed proteins were analyzed by Gene ontology (GO) analysis and Kyoto encyclopedia of genes and genomes (KEGG) pathway analysis. Finally, several differentially expressed proteins were selected for Western blot verification. Results: A total of 122 differentially expressed proteins in ASCs and NSCs were screened. GO analysis suggested that these different proteins are likely to accumulate in the cytoplasm and are associated with single-multicellular organism processes. The KEGG pathway analysis suggested that proteins related to purine metabolism were significantly enriched. The expression of Transmembrane glycoprotein NMB (GPNMB), Ectonucleotide pyrophosphatase/phosphodiesterase family member 3 (ENPP3), and other proteins were consistent with the proteomics data obtained by Western blot analysis. Conclusion: GPNMB, ENPP3, GFPT2, and other proteins may play an important role in the repair of peripheral nerve injury. This study may provide new insights into changes in SCs after peripheral nerve injury.
Introduction
With the development of innovative technologies in the medical field worldwide, treatment of nerve injury tends to be diversified. In addition to the central nervous system (CNS) damage, peripheral nerve injury has become a common concern among scientists and doctors around the world. (1) (2) (3) . Since the previous drug and surgical treatments to the emergence of cell therapies today, treatment technology has been constantly updated, but there is also a corresponding emergence of some problems (4) (5) (6) . In this study, we assess the differential protein expression of Schwann cells before and after peripheral nerve injury and proceed to explore some of the changes in protein expression occurring in the cell.
Schwann cells have gained increasing attention in the field of nerve regeneration owing to their ability to repair nerve injury and promote axonal regeneration and myelination (7) (8) (9) (10) . Recently, treatment with SCs combined with other stem cells, such as mesenchymal or neural stem cells, and other treatment strategies have also been more widely recognized (11) (12) (13) (14) . However, the role of SCs in repair of the peripheral nerves and the underlying specific pathophysiological mechanisms are still unknown. Furthermore, after peripheral nerve injury and Wallerian degeneration (15, 16) , changes in the proteomics of SCs have not yet been clearly reported through specific studies.
Isobaric tags for relative and absolute quantitation (iTRAQ) is an equal weight labeling technique for relative and absolute quantification of protein (17) (18) (19) . This technique allows comparison between proteins in varied samples, such as differences in protein expression levels in tissue samples under different pathological conditions or at different developmental stages (20) . After iTRAQ labeling, high-precision mass spectrometer in series analysis can be performed and protein expression of up to 8 samples can be compared (21) . Based on the above techniques, we selected SCs before and after peripheral nerve injury for iTRAQ labeling and mass spectrometry.
In summary, we isolated and purified SCs before and after peripheral nerve injury. After extracting the protein from SCs and labeling with iTRAQ, the samples were subjected to mass spectrometry to reveal a differentially iTRAQ-based proteomics profiling of Schwann cells Shi et al. expressed protein in the sample. The differentially expressed proteins were subjected to gene ontology (GO) annotation and Kyoto encyclopedia of genes and genomes (KEGG) analyses, and several proteins were identified by Western blotting. This study revealed the changes in SCs before and after peripheral nerve injury and formed a basis for subsequent cell therapy.
Materials and Methods

Animals and experimental groups
Nine Wistar rats (4-week-old, approx. 100±10 g, provided by Radiation Study Institute-Animal Center, Tianjin, China) were used in this study. Sciatic nerve injury surgeries were done as described previously (22) . Rats were sacrificed and the sciatic nerves of each Wistar rat were isolated and the SCs were extracted. This study contained two major groups-Group A: ASCs from the ligation of the sciatic nerves and Group B: NSCs from the untreated sciatic nerves. All animal breeding experiments were performed according to the Guidelines for Laboratory Animal Safety and Care as issued by the United States National Institutes of Health. All procedures performed in the study involving animals were consistent with the ethical standards set by the above-mentioned institutions.
Isolation and culture of normal Schwann cells and activated Schwann cells
SCs were obtained from the 7-day pre-degenerated sciatic nerve of adult male Wistar rats (n = 9) according to a previous study (23) . Briefly, nine adult Wistar rats were anesthetized with 10% chloral hydrate (0.3 ml/100 g). After anesthesia satisfaction, the unilateral sciatic nerve was ligated in each rat. After one week, nine rats were sacrificed and the bilateral sciatic nerves of each rat were isolated. After removal of the epineurium, the nerve was washed three times with PBS and 2% antibiotic solution (penicillin, streptomycin) was added. Next, the remaining nerve tissue was cut into small pieces (0.5-1.0 mm 3 ). The nerve tissue was digested in a 2-ml mixture for 10-15 min using an equal volume of 0.25% trypsin (Sigma) and 0.06% collagenase (Sigma) at 37 °C and 5% CO 2 . After washing in DMEM/F-12, the tissue pieces were gently dispersed by pipetting and were centrifuged (300 × g, 5 min) to remove the supernatant. An appropriate amount of DMEM/F-12 medium containing 10% FBS was added and the cells were inoculated in a 25-ml culture flask at 37 °C and 5% CO 2 . After three weeks, the cells reached 90% confluency and were used in this experiment after three passages.
Immunofluorescence staining of Schwann cells
Cells were seeded at a density of 30,000 cells/ well in a 24 Well Clear TC-Treated Multiple Well Plate. After 72 hr, they were fixed for 30 min in 4% (w/v) paraformaldehyde at room temperature. Then, the cells were washed in phosphate buffered saline before the addition of 5% (v/v) normal donkey serum together with 0.1% Triton X-100 (v/v) in PBS for a further 20 min at room temperature. After the blocking serum was removed, the primary antibodies, rabbit monoclonal anti-S100 (Gibco) at respective dilutions of 1:100 were added and the samples were incubated overnight at 4 °C. The cells were then washed in PBS, FITC conjugated donkey anti-rabbit IgG (1:200 dilution) was added and the samples were incubated for 2 hr at room temperature. After the reaction, the cells were washed three times with PBS, and the DAPI nuclear label (Sigma) was applied for 10 min. The Schwann cells were then examined under a fluorescence microscope (Leica DM2500, Germany).
Sample preparation and iTRAQ labeling
The medium was removed and the cells were washed three times with 1× phosphate buffered saline (PBS). 300 μl lysis buffer (10% SDS and TEAB) was added to the mixed sample and subjected to tissue homogenization and sonication on ice. After centrifugation at 17,000 × g for 10 min at 4 °C , the supernatant was collected and transferred to a new tube. The obtained protein extract was quantitated by BCA assay (Transgene Biotech) following the manufacturer's protocol. To ensure that the data are available for technical and biological duplication, each group includes at least 3 repeated protein extracts. The final volume of the protein mixture was adjusted to 300 μl with 100 mM TEAB (triethylammonium bicarbonate, Santa Cruz, USA).
The extracted protein was labeled with a lightly modified iTRAQ® reagent (AB Sciex Inc., MA, USA) according to the manufacturer's instructions. Each sample was labeled with an isobaric tag for 3 hr at room temperature as follows: the proteins from ASCs were labeled with iTRAQ reagents 127,129, and 131 and those from NSCs were labeled with iTRAQ reagents 126,128, and 130. Finally, all samples were pooled before being subjected to separation techniques and analysis by tandem mass spectrometry.
Orbitrap LC-MS/MS analysis
For LC-MS/MS analysis, approximately 200 ng of each fraction was injected. Peptides were separated by LC-MS/MS coupled to an LTQ Orbitrap Velos mass spectrometer. At a resolution of 60,000, the MS spectra were acquired on Orbitraps in the range of 300-2000 m/z. The five most intense ions per survey were selected for collision-induced dissociation fragmentation to be analyzed in the linear trap.
Data analysis and quantitation
The masses of the peptide modifying the Tandem Mass Tags (TMT) zero, duplex, and sixplex reagents are present in the UNIMOD database (www.unimod.org Accessed 8 April 2017). Thermo Scientific Proteome Discoverer 1.1 and other software packages directly support the modification of the TMT reagent and the relative quantification of the reporter ions released from the labeled peptide. For data obtained using a combination of segmentation methods, the proteome discoverer may need to combine the spectra used for identification and quantification.
Bioinformatics analysis
Proteins/peptide sequences were imported into Cytoscape (version 3.4.0) for GO annotation. The screening of 122 differentially expressed proteins for GO annotation was performed from the biological process, molecular function, and cellular component. The KEGG-GENES corresponding to the differentially expressed proteins were then analyzed by KEGG Orthology (KOs) and were mapped to KEGG pathways. Protein-protein networks that reveal significantly differentially expressed proteins were analyzed using the Cytoscape software.
Western blotting
Of the 122 differentially expressed proteins, several proteins were randomly selected for Western blot analysis validation. Briefly, the same amount of protein (20 μg) of each sample was loaded on 10% sodium dodecyl sulfate-polyacrylamide gel (SDS-PAGE). After blocking with 5% bovine serum albumin, the membrane was incubated with GPNMB (Anti-GPNMB antibody, Abcam, ab98856), ENPP3 (Anti-ENPP3 antibody, Abcam, ab190823), GFPT2 (Anti-GFPT2 antibody, Abcam, ab190966), and SDPR (Anti-SDPR antibody, Abcam, ab113876), and then incubated with the secondary antibody (1:5000 dilutions, Transgene Biotech). Detection of protein bands was performed using the ECL assay kit. Protein quantification was analyzed using the ImagePro Plus (version 6.0) software.
Statistical analysis
Prism statistical software (Graph Pad v6.01, CA) was employed for data analysis. All data were reported as the mean±standard deviation (SD) in this study. The data were analyzed using one-way analysis of variance (ANOVA). P<0.05 was considered as statistically significant.
Results
Culture and identification of Schwann cells
At 10 days post-isolation of cells, the cells proliferated and covered the entire T75 bottom ( Figure 1A ). Both the ASCs and NSCs showed positive immunoreactivity for the S100 Schwann cell markers. Figure 1 (B, C, D) shows the expression of these mature markers in Schwann cells, whereas there were no significant differences between these two groups. The specific differences between these two groups can be found in our previous study (24) . In conclusion, Schwann cells were prepared for protein extraction after immunofluorescence identification. 
Integrated proteome information
The proteins expressed differentially between NSCs and ASCs were identified by the proteomics approach using iTRAQ. For each sample of SCs before and after peripheral nerve injury, the unique reporter in the low mass region of the MS/MS spectrum was used to measure the relative protein expression level during peptide fragmentation. Eventually, 4473 proteins were identified to be differentially expressed in groups A and B. The screening of differential protein and the selection of fold change were according to previous research (25) . A total of 122 proteins were identified (fold ≥ 1.5, P-value ≤ 0.05) to be differentially regulated, of which 72 were upregulated (Table 1 ) and 50 were down-regulated (Table 2 ). Figure 2A shows the level of up-regulated and down-regulated proteins in ASCs. Moreover, we performed functional clustering analysis of upregulated and down-regulated proteins ( Figure 2B ).
GO annotation of differentially expressed proteins
The above differential proteins were further analyzed by Cytoscape (version 3.4.0) software, divided into 'Molecular function', 'Cellular component', and 'Biological process' subcategories ( Figure 3) .
A biological process is a series of events resulting from an orderly combination of one or more molecules. Of the 122 differentially expressed proteins that were analyzed, most of the proteins were found to be enriched in the single-multicellular organism process (GO-ID:44707) and developmental process (GO-ID:32502). In addition, 57.14% differential expression proteins Table 1 . UniProt accession numbers that can be found on www.uniprot.org. Accessed 8 April, 2017 Fold change: The quantity changes of protein abundance between the two groups were located in the cytoplasm (GO-ID:5737), followed by the extracellular space (GO-ID:5615). In the GO annotation analysis, 'Molecular function' can provide the function of the gene at the molecular level. In the differentially expressed proteins that were screened, it was found that most of the differential proteins were enriched in enzyme inhibitor activity (GO-ID:4857), followed by identical protein binding (GO-ID:42802), and peptidase regulator activity (GO-ID:61134). Of the 122 differentially expressed proteins, 53 most relevant proteins were screened out and a proteinprotein interaction (PPI) network was prepared ( Figure 5 ). In this PPI network, several proteins were further selected for analysis. Moreover, several of these proteins (Thbs2, Lgals3, Cathepsin D (Ctsd), and Sptan1) were chosen for analysis.
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KEGG analysis
Protein expression data were mapped to KEGG Figure 4A ). In addition, one of the pathways, 'Purine metabolism', was chosen for analysis, in which different colors represent different enzymes ( Figure 4B ).
Protein verification by Western blot analysis
GPNMB, ENPP3, GFPT2, and SDPR were selected in ASC (Group A) and SC (Group B) samples by Western blot analysis. The change in protein abundance as detected in Western blot analysis and protein quantification was highly consistent with that in the proteomics data of SCs ( Figures 6A and 6B) . 
Discussion
In this study, the proteomics of SCs before and after peripheral nerve injury were studied by using iTRAQ and high-resolution Orbitrap LC-MS/MS. Compared with that in NSCs, 122 differentially expressed proteins were identified in ASCs, of which 72 were upregulated and 50 were down-regulated. In addition, several proteins were randomly selected for Western blot analysis, and the results were consistent with those of proteomics analysis.
A total of 122 differentially expressed proteins were obtained from protein mass spectrometry. GO annotation analysis was performed using 'Molecular function' , 'Cellular component' , and 'Biological process' . GO annotation analysis results show that these different proteins are likely to accumulate in the cytoplasm and are associated with single-multicellular organism processes. Moreover, we found that pyruvate metabolism, biosynthesis of antibiotics, and amino sugar and nucleotide sugar metabolism pathways were significantly enriched in the KEGG pathway analysis. In the PPI network, Thbs2, Lgals3, Ctsd, and Sptan1 are four proteins related to the development of the CNS and peripheral nervous system (26) (27) (28) (29) (30) . Previous research reported that Thbs2 can promote axonal regeneration and synaptic formation (31) . Researchers found that Sprague-Dawley pregnant rats exposed to drinking water containing glycidol could show axonopathy and hippocampal nerve distortion (28) . While in the hippocampal dentate gyrus, they found that Thbs2 could regulate the plasticity of neurons. Galectins control the important pathophysiological processes of the CNS. In addition, Lgals3 can promote the differentiation of oligodendrocyte, maintain the integrity of myelin, and promote the recovery of inflammatory demyelinating disease (32) . Ctsdknockout can lead to changes in the ultrastructure of myelin and metabolic disorders of cholesterol and the extreme absence of neurons in the brains of mice (33) . In summary, the above proteins were found to be closely related to the pathophysiological processes of the nervous system, consistent with the results of the proteins that we screened.
ENPP3 is a member of the ectonucleotide pyrophosphatase/phosphodiesterase family (E-NPPs). It has been reported that ENPP3 is present in almost all systems in the human body (34) . Abnormal expression of ENPP3 can affect intracellular transduction pathways, leading to cellular dysfunction. A recent study has found the presence of ENPP1 and ENPP3 in rat podocytes and assessed their expression in rat podocytes cultured with 5 mM (normal glucose) or 30 mM glucose (high glucose) (35) . In another study, the investigators examined the effect of endotoxin on nucleotide catabolism in the kidneys of mice by lipopolysaccharide (LPS) injection (36) . The expression pattern of exogenous nucleotides showed that the level of Enpp3 mRNA was increased after LPS injection. Purine metabolic analysis by highperformance liquid chromatography assay confirmed this result. In our research, quantities of ENPP3 proteins were measured by Western blotting analysis, we found that the level of ENPP3 expression in SCs was significantly correlated with the peripheral nerve injury. Changes in protein abundance were consistent with proteomics data from SCs by Western blot analysis and protein quantification.
In dendritic cells (DC), the GPNMB is a transmembrane protein that acts as a coinhibitory molecule strongly inhibiting the responses of T cell (37) . Major histocompatibility complex class II (MHCII) molecules similarly expressed in DC subsets. In addition, MHCII was upregulated in cultured SCs and degenerated nerve tissue (38) . Therefore, we speculated whether GPNMB and MHCII co-controlled the antigen presentation of DC Figure 5 . The protein-protein interaction network of significantly differentially expressed proteins was analyzed by the Cytoscape software. Proteins that showed increased levels in ASCs are shown in red and those that showed decreased levels are shown in green. The size of the node shows the significance of the P-value, the smaller the P-value, the larger the diameter of the node. The color of the edge shows the correlation between the nodes, the red indicates high correlation, and blue indicates low correlation cells. However, the specific mechanism and the immune regulation need further exploration. In addition, many studies reported a number of new markers for Schwann cells as early as 2012 (39) , for example, TUBB3, ATG5, and NEFM. A study on spinal muscular atrophy (SMA) showed that ubiquitin-like modification 1 (Uba1) and ubiquitin-dependent pathways play an important role in maintaining Schwann cell homeostasis and provide important additional experimental evidence (40) . The above proteins were also detected in this research, but the objective of this study was determining what kind of proteomics changes have occurred in Schwann cells before and after peripheral nerve injury, thus validating only four related proteins. Similarly, Lgals3 was detected in relation to the pathophysiological processes of the CNS or the peripheral nerves (41, 42) , while the other two proteins were screened (Ctsd and Sptan1), and there was no clear literature to support its role in the nervous system. Thus, studies on the function of the proteins in nerve injury are urgently needed for further exploration.
Similar to previous studies, our research is based on the in vitro culture of SCs to study the changes in the microenvironment of SCs after peripheral nerve injury (43) (44) (45) . Additionally, we explored the application of sciatic nerve pre-injury model, which is generally recognized, in Wistar rats (46) . However, we first used iTRAQ technology to label potential biomarkers in SCs to explore the possible changes in SCs after peripheral nerve injury. Although important discoveries were revealed in this study, there are also some limitations. First, the sample size of this study needs to be further expanded, and the selected peripheral nerves should be more diverse. Second, the pathways selected in this study need to be further validated. The changes in SCs before and after nerve injury require further exploratory mechanisms. Finally, we just explored SCs in vitro; the transplantation of SCs in conjunction with other cells into animals is the next major task.
Marking proteins based on iTRAQ technology is a popular topic in the current studies on protein labeling (47) (48) (49) . We hope that this study further explored the changes in SCs in the peripheral environment after injury and provide a new approach for better clinical application of SCs.
Conclusion
We used iTRAQ-Orbitrap LC-MS/MS technique and bioinformatics analysis to conduct a proteomics study to identify proteins that were differentially expressed between ASCs and NSCs. Based on our findings, GPNMB, ENPP3, Thbs2, and Lgals3 may play a key role in repair of SCs after peripheral nerve injury. Here, we report a new finding on SCs after nerve injury and warrants further studies in the future.
